Eight genome RNA segments are present in both normal and von Magnustype influenza virus preparations and all species are transcribed by the virionassociated polymerase. Although both the RNA polymerase activity and the amount of the three largest RNA segments are reduced in defective influenza virus preparations, these reductions do not appear to be great enough to account for the much greater loss of infectivity.
The production of noninfectious particles of influenza virus by passage of undiluted allantoic fluid from infected eggs was first described by von Magnus (14) . Although it had been reported the total amount of nucleic acid found in these defective particles was less than that found in complete virions (1) , the elucidation of the segmented nature of the influenza genome and the demonstration that the proportion of the largest RNA segment was reduced in incomplete preparations (7, 11) suggested that the noninfectious particles lacked the largest genome segment. However, Pons and Hirst (11) reported that influenza virus subjected to a single undiluted passage showed a 20-fold reduction in infectivity, but no detectable change in the amount of the largest RNA species. This implicated the existence of some other defect that would lead to the loss of the large RNA species after additional high-multiplicity passage. Earlier work in this laboratory (5) cell culture medium. Radiolabeled WSN virus was made by the addition of either 20 1ACi of [3H]uridine/ml or 10 /Ci of 32P/ml to the culture medium. Al virus was purified by polyethylene glycol precipitation followed by sucrose equilibrium centrifugation (3). The virion-associated RNA polymerase activity was assayed as described previously (3) .
The production of defective virus particles after serial passage of undiluted egg or tissue culture fluids with either the WS or WSN strain of influenza virus was monitored by calculating the log of the ratio of infectivity to hemagglutinin titer. These biological characteristics and the corresponding RNA polymerase activities are shown in Table 1 . In all cases the amount of RNA polymerase activity of defective preparations was less than that of the corresponding control virus preparation, but these decreases (two-to threefold) were very small when compared with the decreases in infectivity. The greatest decrease in infectivity occurred in the third passage of egg-grown WSN virus. In this case the specific infectivity was reduced by a factor of 10W while the polymerase activity was lowered by a factor of 2.7. Our analysis (data not shown) of the RNA segments of the chicken embryo fibroblastgrown WSN von Magnus preparation using cylindrical polyacrylamide gels by the method of Bishop et al. (4) , showed a clear reduction in the amount of the largest RNA size class similar to that shown previously (7, 11) . Thus, in the normal virus preparation the large RNA peak represented 48% of the total RNA and this was reduced to 24 and 17%, respectively, in second and third undiluted passage virus. Since a 2/3 reduction in a single RNA species did not appear to be sufficient to explain the much greater loss in infectivity, the possibility was considered that the large RNA peak actually represented a composite of two or more species, one of which might be preferentially lost in the defective particles. An effort was therefore made to develop a polyacrylamide gel system that would provide better resolution of the large RNA species. Figure 1 shows the separation of 32P-labeled WSN genome segments on a 2.5% slab gel into eight species including three in the high-molecular-weight size class. A marked reduction in all three of the large RNAs was evident but there did not appear to be a selective loss of any one RNA species in the von Magnus virus preparations.
Although we had found that defective influenza virus preparations show only a nominal loss of the in vitro RNA polymerase activity associated with infectious virions (Table 1) , it was of interest to determine if all RNA segments present in normal and defective particles are actually transcribed in vitro. To accomplish this, the genome RNA from 7 mg ofpurified 32p_ labeled WSN virus was run on a slab gel as described in Fig. 1 , and strips containing the eight individual RNA segments were cut from the dried gel by using the autoradiogram as a reference template. After rehydration, the RNA was electrophoretically eluted from each strip and freed of contaminating acrylamide as described by Young and Young (15). Probes for the eight complementary RNA species were then made by covalently linking the genome RNA segments to filter disks as described by Saxinger et al. and Miller et al. (10, 13) .
Direct hybridization of in vitro-synthesized transcriptase product RNA to the filter-immobilized genome RNA segments was complicated by the presence of an excess of virion template RNA in the original reaction mixtures. To prevent the labeled transcriptase product RNA from preferentially annealing to the virion RNA in solution, rather than to the appropriate filter-immobilized genome RNA segment, the self-devised continuous flow hybridization system described in Table 2 was used. The annealing of viral complementary RNA, generated by the transcriptase of normal and defective virions, to the individual filter-immobilized genome RNA segments is shown in Table 2 . The results indicate that all resolvable RNA species are transcribed in vitro by both normal and defective virus preparations.
The exact reason for the loss of infectivity of defective influenza particles remains an open question. Neither the reductions in the amounts of the larger RNA species nor the relatively small decrease in the RNA polymerase activity appear to be great enough to account for the significantly higher reduction in infectivity observed. Although we cannot rule out the possibility that certain RNA segments may not be fully functional in vivo, all of the eight resolvable RNA species were able to initiate transcription in vitro.
An attractive explanation for the noninfectious nature of von Magnus virus is suggested by the results of Ada and Perry (1) who demonstrated that the total amount of RNA in von Magnus particles was less than that in normal virions. The RNA analysis presented in this report and genetic evidence for the existence of eight recombination-complementation groups (8) suggest that the minimum number of RNA segments in an infectious particle must be eight. It is obvious that if less than this critical number of segments are packaged in any single virion, even if all segments are present in the population, these particles by themselves would be noninfectious (11, 14) . The incorporation of less RNA per particle in defective preparations would readily explain all of the findings of this investigation. However, one would predict that a viral population containing all of the virion genetic information packaged in subgenomic amounts would show multiplicity-depend- Autoradiogram of 32P-labeled WSN RNA genome segments, resolved by polyacrylamide gel electrophoresis. Virus pools were grown in the presence of 32P and purified as described in the text. Viral RNAs were resolved on polyacrylamide slab gels (0.5 by 10 by 18 cm) containing 2.5% acrylamide, 0.125% methylene bis acrylamide, 0.1 % ammonium persulfate, and 0.1% NNN',N'-tetramethylethylenediamine. Acrylamide and bis acrylamide (Eastman) were recrystallized from chloroform and acetone, respectively. The gel buffer and electrode buffer contained 0.4 M Tris (pH 7.4), 0.02 M sodium acetate, 0.002 M EDTA, and 0.1% sodium dodecyl sulfate (SDS) (4). Slabs were cast and run in a vertical glass cell by using a modified Buchler apparatus (model 3-1071) equipped with a pump to continuously circulate the electrode buffer between the upper and lower reservoirs. Purified 32P-labeled virus was lysed with SDS (2%) and electrophoresed for 14 1/2 h with a constant current of50 mA. The gels were then dried with heat and vacuum and autoradiographed on Kodak NS-2 X-ray film. 3) a WSN genome RNA segments were separated by polyacrylamide gel electrophoresis by using the conditions described in Fig. 1 . The segments were eluted, purified, and attached to phosphocellulose filters (0.15 Ag/filter) as described in the text. Transcriptase product RNA was prepared in 625 Al of polymerase reaction mixtures containing 500 ,ig of purified virus (Lowry determination) and five times the normal amount of 3H-uridine 5'-triphosphate. Reactions were run for 2 h and the product RNA was purified as described by Bishop et al. (4) . Aliquots of product RNA synthesized by normal, VMP1, and VMP2 WSN (about 5,000 counts/min) were dissolved in 300 Ml of 3 x SSC, 50% formamide (13) . The solution was continuously cycled through a length of silicone tubing which was maintained at 95 C to melt any templateproduct complexes which formed in solution, and then through a chamber containing the individual filterimmobilized genome RNA segments which were maintained at annealing temperature (37 C). A detailed description of this hybridization system will be published separately (Bean and Simpson, manuscript in preparation). After 16 h the filters were removed and the amount of product RNA retained by each filter was determined. The RNA retained on each set of filters represents 77, 71, and 81% ofthe input radioactivity, for normal, VMP1, and VMP2, respectively.
b Genome RNA segment on filter. c Percentage of total input counts/min. ent reactivation, a phenomenon which has not been demonstrated with von Magnus virus (2) .
In this respect, it should be noted that Hirst and Pons (9) have presented evidence that a large fraction of virions in normal WSN populations apparently contain less than a complete set of viral RNA segments. When the particles of such populations were allowed to aggregate the infectivity was significantly increased. Thus, these workers have provided evidence that several incomplete particles in "normal" myxovirus populations can initiate a complete infectious cycle when introduced into the same cell at the same site. The possibility that von Magnus particles might be reactivated under these conditions deserves consideration.
